Abstract.The work described herein discusses the application of a high-resolution frequency wavenumber method-the Multiple Signal Classification (MUSIC) method which is different from the traditional frequency wavenumber (F-K) method for detectingand estimating the direction of travel (DOT) of infrasound. Synthetic infrasound signals were superposed on top of white noise to assess the performance of the two algorithms with respect to signal-to-noise ratio. The synthetic array is composed of four elements that are aligned and equally spaced on a line. Preliminary results demonstrate the MUSIC method can lead to more accurate DOT detection than the F-K method.
1.Introduction
The work described in this paper is a high-resolution method-Multiple Signal Classification (MUSIC) method for detecting infrasonic signals and determining their direction of travel (DOT).The F-K technique was used before to detect and determine DOT of infrasound.A description of the F-K technique can be found, e.g., in Capon [1] (1969) or as a larger review in Capon [2](1973) . This method has been further developed to include wide-band, maximum-likelihood estimation techniques, and three-component data [3] [4] [5] .Costley [6] used the F-K technique for signals from rectangular infrasound arrays for detection and estimation of the DOT of infrasound.
The MUSIC algorithm is a high-resolution frequency wavenumber method. In mobile communication, MUSIC has been the most widely used for directional of arrival (DOA) estimation.
[The different between DOT and DOA is 180°]. In a detailed performance evaluation based on hundreds of simulations, MIT's Lincoln Laboratory concluded that among high-resolution algorithms then available, MUSIC was the most promising [7] .
In this paper, the high-resolution MUSIC method is applied to determine the DOA of infrasound in the CTBT interesting scale and presents the performance analysis and comparison for FK and MUSIC DOAestimation algorithms. In order to assess the performance of the two algorithms, synthetic infrasound signals were superposed onto white noise.
The Music algorithm
Assume an M-element array of sensors, P narrowband far-field signal sources, and define A( ) θ to be the complex array response for a source with DOA θ . The outputs of the M array elements at time t are stacked in a vector ( ) X t . Under the assumptions that the signals waveforms are narrowband and that the array elements are linear devices, the array output ( ) X t can be written as
Where ( ) S t is the amplitude and phase of the signals at time t , ( ) n t is additive noise, and where
The number of signal eigenvalues and eigenvectors is P and number of noise eigenvalues and eigenvectors is M-P. The array correlation matrix with uncorrelated noise and equal variances is then given by
. XX R has P eigenvectors associated with signals and M-P eigenvectors associated with the noise. We can then construct the M×(M-D) subspace spanned by the noise eigenvectors such that
The noise subspace eigenvectors are orthogonal to array steering vectors at the angles of arrivals According to Smart and Flinn, the F-K spectrum can be calculated in a single summation. With the relation K wP = between the slowness vector P and the wavenumber K for frequency w , the F-K spectrum is converted to frequency-slowness power spectrum: P w p can be interpreted as a set of beams sampling the atmosphere above the array. In this paper, we assume the speed of the infrasound wave is known, but the DOA is not known. The F-K and MUSIC algorithms for DOAestimation are compared.
Process with synthetic infrasonic signals
The simulated Gaussian-modulated sinusoidal pulses added to white noise. The SNR is determined as the ratio of the magnitudes of the pressure spectra of pure signal and pure noise in the 2Hz. We assume the array is composed of four elements that are aligned and equally spaced on a line. The spacing between neighboring elements is 85m ( Figs.3 shows that MUSIC spectrum takes the form ofsharper peaks in which angular resolution is improved, especially for SNR=10dB, and 0dB.So MUSIC spectrum can lead to more accurate detection. To prove this result, Root mean square error (RMSE) is used as the metric to compare the performance of the two algorithms. Figure 4 shows the RMSE in DOA estimation as a function of SNR for the two algorithms. The RMSE is average over 20 repeated DOA estimation trials. Figure 4 .The RMSE in DOA estimation as a function of SNR for the two algorithms As seen from Figure 4 , the two algorithms perform about equally well when the SNR is high. Under low SNR conditions it is seen that the method of MUSIC performs better than the FK method, especially for SNR=0dB and -5dB.
Discussion and conclusions
A high-resolution method for processing distributed arrays of infrasound sensors was presented. The performance of the method was compared to the F-K technique. For linear array, the MUSIC spectrum took the form ofsharper peaks than the F-K's, and the RMSE of the MUSIC spectrum was smaller than the F-K's, especially for SNR=0dB and -5dB. So the performance of the MUSIC method is better than the F-K, and the MUSIC spectrum can lead to more accurate DOA detection. 
